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Endothelial dysfunction, the impairment of regulatory function of the endothelium for vasodilatation, smooth muscle proliferation, and fibrinolysis, is pivotal in the pathogenesis of cardiovascular disease. Hemoglobin (Hb) is a well known carrier and buffer of nitric oxide (NO) which regulates endothelial function by modulating the bio-availability of NO at the tissue level. 1 Alterations in red cell mass may impair endothelial function and exert adverse cardiovascular events. 2 Full correction of anemia may do more harm than good in chronic kidney disease (CKD). 3, 4 This phenomenon has been attributed to the adverse effect of erythropoietin in patients with systemic illness and inflammation. 5 However, our recent data showed a direct association between Hb concentration and endothelial function in patients with chronic kidney disease (CKD stage 3-4), who are not under treatment with erythropoietin 6 , or in diabetic patients with proteinuria. 7 Similar data have also been shown in patients with normal renal function with either type 2 diabetes 8 or hypertension. 9 Overall, these findings indicate that alteration of Hb concentration is relevant in the pathophysiology of impaired endothelial function.
Prediabetes is a state of increased risk of cardiovascular disease and mortality 10 in which endothelial dysfunction (ED) is consistently present. 11, 12 The prevalence of prediabetes is about 30% in the adult population. 13 This high frequency necessitates a meticulous search for the main contributors to the mechanism of ED in prediabetes. Due to the above data about the role of hemoglobin in the mechanism of ED, we designed a study in prediabetic patients to investigate the relationship between the hemoglobin level and the well established factors that take place in the mechanism of ED. We hypothesized that higher hemoglobin levels may correlate with markers of endothelial dysfunction and risk factors for cardiovascular disease in prediabetes.
Methods

Subjects and Controls
The local ethics committee of Gulhane Medical School approved the study protocol.and subjects gave informed consent. Subjects for the study were selected from patients who were referred for routine annual screening to the Gulhane Outpatient Clinics of Internal Medicine and whose current medical status necessitated oral glucose tolerance testing (overweight with positive family history of diabetes, blood glucose > 100mg/dl, history of gestational diabetes). Sixty-nine patients with impaired glucose tolerance (IGT) (male=40, age=45.95±6.8yr) were eligible and gave consent to be enrolled. Part of the data from these subjects was published previously. 14 
Anthropometric measurements
Weight and height were measured without shoes and in light clothing and BMI was calculated as weight divided by squared heigh (kg/m 2 ). Systolic and diastolic blood pressures were measured using a manual mercury sphygmomanometer. Two readings were obtained five minutes apart in the sitting position, and the mean of the two was recorded as the blood pressure.
Laboratory analyses
Glucose tolerance status
All participants underwent standard oral glucose tolerance test (OGTT) according to the American Diabetes Association criteria. 17 .OGTT was performed after 10-12 h of overnight fasting by ingesting 75 g of oral glucose load over 2-min, and obtaining blood samples at baseline and 2 h after the glucose load for plasma glucose measurement. Subjects were instructed not to restrict carbohydrate intake in the week before the test. No patient had any acute infection or stress during or before the procedure. Normal glucose tolerance was defined as fasting and 2-hour plasma glucose of <Fasting plasma glucose < 126 mg/dl and 2-hour plasma glucose of 140-200 mg/dl were accepted as impaired glucose tolerance (IGT).
Biochemical parameters
Blood samples were collected between 08:00 and 08:30 A.M. after 12 h fasting. The tubes were promptly centrifuged, and the plasma was separated and stored at -80 °C. All plasma samples were run in the same assay. Glucose, total cholesterol, high density lipoprotein (HDL)-cholesterol and triglyceride (TG) levels were measured by the enzymatic colorimetric method with Olympus AU 600 auto analyzer using reagents from Olympus Diagnostics, (GmbH, Hamburg, Germany). Low density lipoprotein (LDL)-cholesterol was calculated by Fridewald's formula. 18 Serum basal insulin level was determined in duplicate by the coated tube method (DPC-USA). vWF was measured using a commercially available enzymelinked immunosorbent assay kit (Technoclone, Surrey UK). All assays were performed in duplicate. Human Soluble CD40 Ligand (sCD40L) was measured by ELISA (Quantikine, R &D Systems Inc, Minneapolis, USA) [sensitivity: (minimum detectable concentration) = 0.095 ng/ml, intraCV: 4.0% and inter CV: 6.8%]. Serum hsCRP was determined by turbidimetric fixed rate method 19 by an automated analyzer (Olympus AU-2700, Mishima, Japan). sP-selectin was measured using a commercially available enzymelinked immunosorbent assay kit (Human sP-selectin, BMS 219 ⁄ 3, Bender MedSystems GmbH, Vienna, Austria). Both tests were run in duplicate.
Statistical analyses
The distribution characteristics of the variables were evaluated by Kolmogorov-Smirnov Test and then Levene's test was used to determine the homogeneity of variance. Differences between the parameters were measured by Chi-Square and independent samples T test where necessary. The association between 
Results
Demographic and clinical characteristics of the subjects categorized on the basis of median Hb levels are reported in Table 1 . Subjects with Hb levels in the upper median did not differ from those of the lower median as for age, BMI, waist circumference, serum glucose, insulin, total cholesterol, LDL cholesterol, triglycerides, uric acid, hs CRP, p-selectin and vWF levels. However, subjects with the higher Hb levels exhibited lower HDL Cholestrol and higher systolic and diastolic blood pressures and sCD40L levels. Also the number of women was higher in the group who had less than median Hb levels. Hemoglobin was correlated with the HDL cholesterol, sCD40L, systolic and diastolic blood pressures and waist circumference (r=-0. 28 
Multivariate analysis
To analyze the independent contribution of hemoglobin, we constructed a series of multiple regression models (table-2). Gender was an independent risk factor for HDL cholesterol, waist circumference and systolic and diastolic blood pressures. However, only the Hb and the p-selectin levels were independent determinants of the sCD40L levels (table-2) ( figure-1) . No additional interactions were detected among the remaining risk factors.
Discussion
The results show that prediabetic subjects with higher Hb levels have elevated blood pressures, lower HDL cholesterol levels and higher sCD40L levels. Moreover, the Hb level was modestly correlated to the components of the metabolic syndrome, HDL cholesterol, arterial blood pressure and waist circumference. These findings imply that the rise in Hb values seems to take part in the elevation of both the conventional and the emerging risk factors in prediabetic patients.
Hb regulates endothelial functions by the take up and transport of NO 20, 21 and Hb yields several compounds one of which is a highly potent vasodilatory molecule, S-nitrosylated Hb. When the PO2 is low, Hb modulates vasodilation by releasing NO to peripheral tissues. 1,2 Glycosylation of Hb hinders NO release in diabetes and shifts the equilibrium among NO species towards irreversible compounds which cannot release NO. 22 The association between high Hb and endothelial dysfunction has been reported in several chronic disorders including diabetes mellitus and hypertension. 8, 9 We have recently shown this relationship in nondiabetic CKD 3-4 patients 6 and in patients with diabetic proteinuria. 7 There is no data about the role of Hb in endothelial function in prediabetic patients. Prediabetes is highly prevalent and many of these subjects are living with undiagnosed high cardiovascular risk. 13 Therefore, focusing on this population is important to provide further information on the previously reported inverse link between Hb and endothelial function. Our study population, composed of untreated, uncomplicated, overweight (but not frankly obese) people with prediabetes, provided the opportunity to investigate this relationship without being confounded by other cardiovascular risk factors. In this study we also searched for the relation between Hb and sCD40L, vWF or p-selectin levels, the emerging risk factors for endothelial dysfunction. CD40/CD40L signaling amplifies the inflammatory activity in the endothelium 23 and contributes to progression of atherosclerosis. 24 sCD40L is a predictor for cardiovascular events in patients with high-risk atherosclerotic lesions 25 and is elevated in prediabetes and diabetes mellitus. 14, 26, 27 vWF, a glycoprotein mediating platelet adhesion and aggregation 28 is increased in different states of endothelial damage. 29 The role of vWF as a marker for endothelial dysfunction was reported in patients with vascular disorders and in prediabetes. 30, 31 P-selectin is a cell adhesion molecule used as a plasma predictor of adverse cardiovascular events 32 reported to increase in patients with obesity, insulin resistance or prediabetes. 33, 34 In our previous studies in prediabetic patients, free of vascular complications, other metabolic disorders or drugs, we found higher sCD40L levels 14 while we have not observed alterations of vWF and p-selectin levels. 15, 16 Overall, it can be inferred that sCD40L may be a more important contributor to the link between the Hb and the endothelial function in prediabetes.
There are some limitations of this study. The small number of patients and the cross-sectional nature of the study may prevent causal interpretations. Therefore, it cannot be excluded a priori that the factors responsible for endothelial dysfunction in these patients may either stimulate erythropoiesis or increase Hb. This seems unlikely, as the endothelial NO-synthase null mouse, a transgenic model with pronounced endothelial dysfunction, does not develop hemoconcentration. 35 Another point to mention is that sCD40L may only be a surrogate for endothelial function and direct measurement such as flow mediated dilatation with brachial ultrasound may present clearer associations with Hb levels. The uneven sex distribution between the groups may be another limitation. According to the multiple logistic regression analysis, sex was also the determinant of HDL cholesterol and systolic blood pressure. However, sex had no impact on the sCD40L in the regression analysis, while Hb was an independent determinant of sCD40L.
In conclusion, the present cross-sectional study in prediabetes shows that patients with higher Hb concentrations have higher sCD40L levels, higher systolic and diastolic blood pressures, and lower HDL cholesterol levels. Overall, these data support the previous in vivo studies showing that higher Hb was associated with the impaired endothelial function. It is important to emphasize that the biological interplay between NO released by the endothelium and the red blood cell has not been studied in detail. Therefore, further studies are warranted to clarify the clinical importance of these results.
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